[Abstract] Heterotrimeric G proteins modulate intracellular signalling by transducing information from cell surface G protein-coupled receptors (GPCRs) to cytoplasmic effector proteins. Structural and functional characterisation of GPCR-G protein complexes is important to fully decipher the mechanism of signal transduction. However, native G proteins are unstable and conformationally dynamic when coupled to a receptor. We therefore developed an engineered minimal G protein, mini-Gs, which formed a stable complex with GPCRs, and facilitated the crystallisation and structure determination of the human adenosine A2A receptor (A2AR) in its active conformation. Mini G proteins are potentially useful tools in a variety of applications, including characterising GPCR pharmacology, binding affinity and kinetic experiments, agonist drug discovery, and structure determination of GPCR-G protein complexes.
using NcoI and XhoI restriction sites (underlined). The Mini-Gs393 construct contains an Nterminal 6x histidine tag (highlighted in red) followed by a TEV protease cleavage site (highlighted in green). Start and stop codons are shown in bold.
1. Transform E. coli strain BL21-CodonPlus(DE3)-RIL with the plasmid pET15b-mini-Gs393, plate on a TYE agar plate (containing 100 μg/ml ampicillin and 34 μg/ml chloramphenicol) and incubate overnight at 37 °C. (see Note 1)
2. Pick a single colony and inoculate 5 ml of LB media (supplemented with 0.2% glucose, 100 μg/ml ampicillin and 34 μg/ml chloramphenicol), incubate for 6-8 h at 37 °C, shaking at 220 rpm.
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B. Purification of mini-Gs
Mini-Gs393 is purified by Ni 2+ affinity chromatography, followed by cleavage of the histidine tag using TEV protease and negative purification on Ni 7. Load the supernatant onto a 10 ml HisTrap Fast Flow column (2 x 5 ml columns connected in series), pre-equilibrated with buffer A, at a flow rate of 5 ml/min at 4 °C, using a peristaltic pump.
8. Wash the column with 100 ml of buffer B at a flow rate of 5 ml/min at 4 °C.
9. Elute the column with 30 ml of buffer C at a flow rate of 5 ml/min at 4 °C, collecting a single 30 ml fraction. 
Data analysis
Chromatograms were recorded using UNICORN software and data were plotted using GraphPad Prism 7. The analytical gel filtration column was calibrated using molecular weight standards (gel filtration marker kit), and the apparent molecular weight of mini-Gs was calculated from the calibration curve as previously published . No statistical analysis was performed during this work.
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4. TEV protease is available from commercial suppliers such as Sigma-Aldrich, but can be expensive. Alternatively, it can be easily purified in-house using any one of the protocols reported in the literature (for example, Tropea et al., 2009) . The main consideration is that the purified TEV should contain a polyhistidine tag to facilitate its removal by Ni 2+ negative purification after cleavage of mini-Gs.
5. Mini-Gs has significant affinity for Ni 2+ resin even after cleavage of the histidine tag. It is vital to add 20 mM imidazole at this step, otherwise mini-Gs will bind to the Ni 2+ resin and will not be recovered in the flow through. This is also an important consideration for any downstream application where purified mini-Gs may contact Ni 2+ resin, for example pull-down experiments.
6. Mini-Gs tends to aggregate through nonspecific disulphide bonds, therefore TCEP is added to buffer E to maintain a reducing environment. DTT can be used instead of TCEP, but is less stable in solution. Filter using a 0.22 μm Steritop or syringe filter
